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(54) CARBO-NITRIDED PARTS EXCELLENT IN PITCHING RESISTANCE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide parts for 
machine structure increased in softening resistance and 
exhibiting excellent pitching resistance by composing the 
same of steel having a specified compsn., specifying the 
content of [Si+Mn+Mo], allowing it to have a surface 
hardened layer subjected to carbo-nitriding or quenching 
and tempering treatment after carbo-nitriding and 
respectively specifying the C content [Cs] and N 

content [Ns] from the surface to a specified depth and p.2 - uf *£*i»,r+i **.s , +\:s< 

Rvalue. w-m.mmm- 

SOLUTION: This carbo-nitrided parts are composed of 
steel contg., by mass, 0.15 to 0.25% C, 0.40 to 0.9% Si, 
0.05 to 0.7% Mn, 1.25 to 2.5% Cr, 0.35 to 1% Mo, 0.02 to 
0.6% A! and 0.007 to 0.015% N, and the balance 
substantially Fe, have [Si+Mn+Mo] contents of 1.0 to 
2.20% and have surface hardened layers subjected to 
carbo-nitriding or quenching and tempering after carbo- 
nitriding, in which the C content [Cs] from the surface 
to 0.1 mm is controlled to >0.7%, the N content [Ns] to 
0.6 to 2.0%, and R value obtd. by the formula is controlled to >7.5. 
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(57) mm 

WPft#S] C, Si, Mn, Cr, Mo, Al, N 
O&Sfcl, HtCte [S i+Mn+Mo] lOftSSn 

pPdd"C'^ 5 . mmmtaommfr 0 . 1 mm $ to 

Cl [Cs] #0. 7%tt_L Nl [Ns] #0. 6~ 
2. 0%T\ MoTESfC«fcoT*i65n*Rfil^7. 

5 w±t« § . » tr 7 f - v vmt mrcmmim&z 

m*t%o Rffl=l.llxC S+1.25XNS+1.89XS i 
+1.22XMn+0.67xMo+3.94 
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tW*«l] C : 0. 1 5-0. 2 5% («■%, U 



TH15) > 




S i 


0. 


4 0-0. 9%, 


Mn 


0. 


0 5-0. 7%> 


C r 


1. 


2 5-2. 5%, 


Mo 


0. 


3 5-1%, 


A 1 


0. 


0 2-0. 0 6%, fcitf 


N 


0. 


0 0 7-0. 0 1 5%£##, 



9»WI«WfcFe-tt&*ilfr5a9, [Si+Mn+ 10 
Mo] 1AM. 0-2. 20%T\ iiK§{kt>b<li« 

SS^&O. lmmST'OCl [Cs] tfO. 7 %&. 
±, Ni [Ns] #0. 6-2. 0%7\ flOTIS^fC 

Rffl=l.HX[C s]+1.25x[N s] + 1.89x S i +1.22 
XMn+0.67XMo+3.94 

0. 0 5%tt±#ftUr^«»#«lKIB«Oi!KS^ 20 
RS#«3] MGMft LT, C u : l % 

[!»*« 4 ] jfflOltf , MKflSOTG* £ LI, N b : 
1 %WT\ Till KfilT, feitf B : 0. 1 %WT 

'>ft < £ 1 1 i - 3 wmmcB 

mv'mmit^&o 30 

a, Zr, Sb, P b**tf B i *9&5»3b^a8?5 
*15'>4< fcfc 1 fflOTC^^r^n^no. 1 %«TtW 

mm 1 - 5 o^r ntHzmm<Dmmms So 
[0001] 

K>^m®Mm?%tmz. m^wm^mxm 40 
[0002] 

Lrct><r>wmzn?^Zo 50 
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[0003] frfrsmmttm&tLTit, mm. s 

LTfiS*OHUfta«:ffiffl U # XgR* if fc <fe *) % 

mmmszzo. 7 %m.mxm^mmmnx 
*ft. tfru Mabfc**««»©s&s*ttfitfk*< 

[0 0 0 4] ft{fc«ffittttKft«*ftTT?0He?*V 
ftTl^* (8NHW9-2 9 6 2 5 0%«i') 0 

[0005] jSKSfkiaaKintf, ftASJRofffflc 

fctfitBSftTfe!), W*tf»W¥8- 1 2 

0 4 3 8^£«Ktt, wwoiSiMais^SKSikJaa!* 

ft «WOT 5 C £ ic <fc t) , v h U -y * a <D$A*itt£fi 
c n 58e*oSKS{k«ii!T*tt, e 7 f - > y©fij£ 1 & 

[0 0 0 6] fiASSR«MK«aS*SCfcO 

Ttss^ifkfflaso^wain^A^ mms 

g^iSil6§ i: y Itf S tf ») T?fc < , IB y ft 
IttWC r N*fffll0i!tafcJ:9*©H21»<DC rig 

t bxftft%%mm im mm < * * t ^ 5 p«giitf & 
v *oKfk»^KSfkift*iftai^ft* s «t v 

(^M¥8- 12 0 4 3 8^1 V IS) t» 

■tsk, ®fkHvh'j-y^x(D^Antt^S(c{gTb 

[0 0 0 7] bfrfc, S9^*tOS ii^Mnitf. »E 
[0008] 

ftranfcB^ vf->^**tWH«fiffloiiKa{k 
tb<«»«»a«ia (wt, nucaKSfkfc**) 

[0009] 
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©■T?*fc*BlBfc«*«K8{fc»Att, C : 0. 1 5 * 
~0. 2 5%(Stt%, WTWW, Si : 0. 4 0- 
0. 9%, Mn : 0. 0 5-0. 7%, C r : 1. 2 5 
-2. 5%. Mo : 0. 35-1%, Al : 0. 02- 
0. 0 6%, fcJtfN : 0. 0 0 7-0. 0 1 5%% 
OW^dtttfcF eT**ilfr&ftt>, [S i + * 

Rfi=l.llx[C s]+1.25x[Ns]+l 

+3.94 (I) 

[0 0 10] #5P£©gKl{kg|$ n a q££^T, sufE^S 
8MW+IC S i 3gOKSfb»^ 0.05 %£&-rs t © 10 

[00 11] *fc*aWE*^5±EfB*K:, glcfto 
Tt^ttTCu : l %UT£J:tf/£fcliN i : l %W 
T (^rtitO%*^Sft^) 

{l*DBratt*Ka3cfctfT#5©T£»T?SD, S 20 
fc, Nb : 1 %WT, T i : l %WT*«fctfB : 0. l 
%W"F 0 96*3*4^) %$*S-£3£:, * 

t, KI14oip]±fi:*^t*So S(C 8«*KS, C 
a, Zr, Sb, P bft«fctf B i *D4*8MP&aflS 
ftS'>4 < 1 1 «©7tfl£*4 0 . 1 %WT^*t * 

[0 0 12] 30 

rmztizmmtmommcmzmo. 1 m 

m£T<©Cli [Cs] fcNS [Ns] , MfcttfflEa 

[0013] 9tt, *mxm^mti<oi\&®ttmL 

%^46fca*(4TIH<Dl 

[00 1 4] C : 0. 1 5-0. 2 5% 40 

%tt±$*s-frftttfttffc&fcv\ fit, c«*^ir 

80. 1 7%, *0»SU^±PBttO. 22%T*&5 0 
[00 1 5] S 1 : 0. 4 0-0. 9% 

s i itmttmmLTmmmmmmt&m 
oi$i±ic**<»4t*7aR-e*»), MKt4, Kgft^ so 



Mn+Mo] itfl. 0-2. 20%?, a^gfktb 

< j4SKasa«EAn • mmb&mznrcmwtm 

SU *ffi^50. lmmiT'OCl [C s] #0. 7 
%BLL Nl [Ns] #0. 6-2. 0%T\ floTIB 
a(I)lC*oT#ii)6n*R«« , 7. 5U±T*£3g& 

.89XS 1 +1.22xMn+0.67xMo • 

oitlMffa*»»jr*i:«ic, «»fl:ft*3»ttfk«*T 
abfc58»£-&SKfcl:0. 4 o%u±.$Gz$mm% 

<OX\ 0. 9%ttTE«J*.4Wltf4&4^. S i 1© 
#£U\k[S«0. 8%T*fcS„ 
[00 1 6] Mn : 0. 0 5-0. 7% 

IttO|BiI±fCfetaKf¥ffl-r5. CSLfcMnOftffl* 

waters s-esfcte, '>4 < £ fc 0 . 0 5 %W±3* 
■tfa*Jfc4D»oT*ffi«S*CFS-£*0T, 0. 

7 %wTK«iitfttttitf 46*^. c i tram®** 

#itLT«feO»*tV>Mnl©TIS{40. 2%T*fe5» 
[00 1 7] C r : 1. 2 5-2. 5% 

c r&, mmkn&zntb, ^nummm*? 

gtEHfkl0git!!0«l! l4Mfcfitttt**«>T» tf -y f- 
V?ttmkS£*5*Tfc*S4j8fl--e*!>, '>4< 

C rl^<40aff5i:, UE*e>JT?ftAS**Jilt 
fc«Sfcffl«fc«tffflfl#K:IH y Sff'vC r Nft^Itf 

t<fc9^4SOT% 2. 5%WTfC»*4W , titf464 

C r U^&aoTIBlil. 4%, 

»SU^±K{4 2. 2%T'feS„ 
[0 0 1 8] Mo : 0. 3 5-1% 
Molt, fiAgi»£ii;*:T 5 CkE J: L/c C r 

LTi/>5o IP^, Mo#Wl%i«i6§{i:onT)l^lfk 

i«u sfccoifi^sa{k«j{4Kfn?*a», if 
^ki©iai^ ; 2:i«i65±T'tw^(cftfflt§ 0 cne 
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[0 0 1 9] S l+Mn+Mo : 1. 0-2. 2 0% 

si, Mn, Mot*, *ft^ft±$L/cii&ftffl£WL 
x^zt>\ ^tn&muwic&vmmimmm 

&*mi&£»ofc&&&Z*Stot&£, Si. Mn, 

W?*ia*S«ftfclWfcfiffi14*««t*fctt, [s i 20 
+Mn + Mo] <9h-*;U1^f!£l. 0-2. 2 0% 
OKSfflCiRftSCfc^a^ftS. [Si+Mn+M 
o] h-*/l/^l0*D»SU*!Hlttl. 2-1. 

[0 0 2 0] A 1 : 0. 0 2-0. 0 6% 

a i ttmmtbxmtzm, mmmch 1 
lSEtffafMcfcs^ f/T^ffl*fefbLrc-ia H B B e*^ 30 

LT*SIM6©J*ftfcJS< OTO . 0 6 %WTfc«l*&tt 
fttf4S4lr\ C5Lfc«£fr&«fcD#*U^A 1 
lOlffittO. 0 4%-e*«. 
[002 1] N : 0. 00 7-0. 0 1 5% 
N«A 1 fcHS&LTA 1 N*£J*U MS 

0. 00 7%tt±fct*ci:tJ:oT^aiK5E»sn5 
tf, tftSOftfflfiO. 0 1 5 %x*mmz<DX\ Z<D 
±H£0. 0 1 5%tfetbrco N#Wao*0»*U^ 40 
TKttO. 0 0 8%, «J:9#8:U\kEtt0. 0 12% 

[0022] *m-i?mtim#<D&mffiix&± 
Evmvx'b *> , mmmmmic f e T-i&So 

Aft • MR Uasfcin*. S C t ic * o Tt# <b ft 5 9M£ 
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[0 0 2 3] C u : 1 KfiTF&Jtf/gfefiN i : 1 % 
cfte.(7)7c^tt, 9K£ftdK!)a]i*fcBfrr«cfc£ 

T*EaS*ttTiStf SBfttf BIT < -So 
[0 0 2 4] N b : 1 %J-XT. T i : 1 %WT*J:tf 
B : 0. 1%WT (^■ftit0%*^*4^) 
&frf>ii!fR2ft£'>fc<£fc IS 

cfts©7EjRtt» ^rnfe«wkiii*»iaLTtrtKwo 

7 (C, N)ifr6«l*fcMa (C, N) ^OKttt 

fc, T i H3«ktf Bltf*4 1 %fe<fctf 0. 1 %*jB* 
T£ffi<o 

[00 2 5] S, Ca, Zr. Sb, P bfc.fctfB i <k 

oft*»*^a«?*ft* 

'>& < £ 1 1 S07C* : * ftf ft 0 . 1 % WT 

S, Ca, Zr, Sb, P b. Bill, ^fftfcflffltt 

Tt*i«K, WEMni:OtS^fcJ:0S«r*MnS 
fcSb, Pb, Bite, ffl»KS^LTfc*©8!ja#fi 

HtcCali, A hOaOlHfCC aO£LT£jjKU » 

EI^CfcltSM n S (Om&WUL, Mn S Srfittft 

tfyf-yyttK«»»*RtfttUc4*OT, ^ft^ft 
0. l%WTK«IJta:^ft»f*6&i/\ 

[0026] *aw»c36p*»*wfoft*ja»asa:±E 

»RK*plUfc!l, SttftfcOatt, **v^ttHlc*X 
ft • fltMLffla*fllT<: fct iot, gPp^affifcmS© 

m%%fcfrt>o. \mm£X<D'm\m<DCm [C 
s] ^0. 7%W±, |i])f^G[B(DNi [Ns] ?r0. 
6-2. 0%, fiij£S(I)lCJ:oT*#e.ft5R{iM: 
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a*«TE©l»3T?&£o 

[002 7] [Cs] : 0. 7 %JJLL [Ns] : 0. 
6-2. 0% 

[cs] [ns] mmimmiznrcm® 
[cs] m. ±£ixmmtis<D®mmcmm 

■ft-efcD, 8WHifWlc»LT+»*5Wi«liBi« io 

[Cs] ^0. 7 96«±t Lfttttltfft 

s/c [Ns] a, ±ibT«SAnao!p*ia« 

FeWW{fc»©*#l*#**^. K [Ns] #0. 6 
KSW ! tfrtHb^<^'3, -75T [Ns] #2. 0%£ 
tWHKIto It *) , ^tttAti««OftI«ll«ffl«^ 
[0 0 2 8] Rtf : 7. 5W± 

Mn, Mo©#wi^> jf«aftftiak:«koT«di«n 

SUffi^fk/I*© [Cs], [Ns] «S<fc«J© 

titer c i: let o t, ftmmmitmmm l« 

t fcoT^e.n§Rffl-e7. 5 jw_h*st«-r set 
#>Ttg£:&3o 30 

[0029] w*>mm$. mfimim%*m*<o 

t § *JC K R ffiT' 7 . 5 6l±*iMW- § C t AWJ©g 
fctt, gffiSSfkJl*© [Cs] , [N s ] , Si, M 

n, Mo<D&$%mmmc&mmtt>\ +Tts 
wtiBv^Tftar* s i %&mtmmftwmv*j* 40 

[003 0] Si £SS{fc«J©£*rl : 0 . 0 5 %W± 

fttt±B[Cs], [Ns] fc^tfRffiT'&Stf, 
iS{k*©I(Cffl<DSfttLTS i^KSfb^l^O. 0 
5%W±, <fc0»f L<tiO. 1 %w±-e**8KSft 

©t^5o <i9trcgffi{S{t:i*©s i%mmmm 
»4. ffl^**4»©s idfifflTo. 4o%w±%a«-r 50 
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©*»»a*Wfi"r § t 8fc , 3» 5. 0 . lmmSf 
<D$£{4B© [Cs] , [Ns] , Rffl, #$L<(il 
tcs i*K8<b1*l*j®rr«i:i:fcJ:!), m/cg® 

ttWcWH«n»v>*«, awsw*sffi*iw^-rs trie 
©a^T-feSo 

[0 0 3 2] ft-f, ffiffltSHHfcLTttflfliadfcMBfiK 

mm{tm£*mttiif^\ zo&tmft£m* 
mts mmz£LTco ! $%jS7^ mti3x£Lx 
g^fcctt//*/c«gfb*'x*©co i iijg j f»NH 3 ii 

[0 0 3 3] EiSRSfcfflafi-a-efffcoTfcJ:^ 

**^«»RSfk©e*Kjs c t 2 s«±©«asaa 

fcSfflt* C 1 1 T'f 9*li 9 0 0 0 Cfuf£T"H& 
©SKt b< ttSRS<tffla%ff4i»\ *^*8 5 0°C 
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[0 0 3 4] aRSfbOftttx M«SAn*fT*oTfr6 

1 7o°cM&©fia-(?i&ML$agu a?w**ft*<- 
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CO 0 3 6] *K LTSftgfkfflffl. feSlSiMKMA 
^--y^jaa (»$L<tt, 7-^/vfh-eO. 4m 
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8 o tsaa^ff ft -a s»e> o . iom 

[0 0 4 1] SfcfctflKfrQ [C s] fc£l>* [Ns] ffi 
ti, aS26mmXft$l 0 0mm©ft$I31ltt-©aj® 
3^50. 1 5 mm$£ 0. 0 5mm*5£fc 
3«WLT***fl#$MfrU Sg2»g£!g3Ji@© 
10 ¥i${I£0. 1 OmmfflHTOfiiLT*^, * fc, 

xm®$ifc Vfflfit Schick r> TM&fZo 
[00 4 2] ftfc\ flfljqttj I SltS© TS CM4 2 

0J »T-&*K JiirtiH TSC r 4 2 0J HT'&So 

^*a2tc^to 
[00 4 3] 
GUI 







It ¥ « » (mas8%) 


®£(Hv) 


C 


Si 


Mn 


Cr 


Wo 


Al 


N 




Si+Mn+Mo 




a 


0.17 


0.45 


0.54 


1.45 


0.45 


0.029 


0.010 




1.44 


170 


b 


0.16 


0.70 


0.30 


1.45 


0.45 


0.028 


0.010 




1.45 


174 


c 


0.19 


0.46 


0.64 


1.46 


0.45 


0.038 


0.010 




1.55 


178 


d 


0.19 


0.42 


0.53 


1.79 


0.46 


0.033 


0.009 




1.41 


175 


e 


0.17 


0.45 


0.43 


2.15 


044 


0032 


0.009 




1.32 


179 


f 


0.19 


0.44 


0.42 


1.45 


0.75 


0029 


0010 




1.61 


176 


K 


0.17 


0.46 


0.55 


1.45 


0.42 


0.029 


0.011 


Nb:0.05 


1.43 


170 


h 


0.19 


0,44 


0.55 


1.47 


0.44 


0.031 


0.010 


Sb:0.05 


1.43 


170 


1 


0.19 


0.45 


0.54 


1.45 


0.44 


0.031 


0.009 


Cu:0.42, Ni:0.41 


1.43 


169 






0.18 


1.51 


0.40 


1.47 


0.37 


0.030 


0.010 




2.28 


239 


k 


0.20 


0.30 


0.55 


1.45 


0.35 


0.031 


0009 




1.20 


169 


1 


0.19 


0.07 


0.64 


1.45 


0.36 


0.032 


0.010 




1.07 


168 ! 


m 


0.19 


0.46 


1.45 


1.46 


0.35 


0.032 


0.009 




2.26 


242 j 


n 


0.20 


0.44 


0.50 


2.70 


0.36 


0.032 


0.011 




1.30 


244 


0 


0.20 


0.44 


0.55 


1.44 


0.21 


0.032 


0.011 




1.20 


165 


P 


0.21 


0.45 


0.54 


1.44 


1.35 


0.031 


0.011 




2.34 


251 


q 


0.19 


0.25 


0.77 


1.10 


0.22 


0.029 


0.010 




1.24 


174 


r 


0.19 


0.24 


0.78 


1.05 


0.01 


0.028 


0.009 




1.03 


166 
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Or 7ft tM. jB. 1 L> Tf. 
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\massv 


Cmass%) 


\nv; 
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a 




A 7C 


U.O 1 


A 

V 


7 22 


718 




2 


b 




A TA 

U. /4 




Q 


7 40 


723 




3 


c 




0.74 


U.o 1 


A 

u 


/••JO 


743 




4 


d 




fii 

U.o I 


U.O 3 


o 


7 28 


738 




5 


o 




a DC 


a «;a 
U.ou 


V 


7.18 


742 




6 


f 




0.74 


0.52 


o 

u 




741 

/HI 




7 


g 




0.75 


net 


a 

U 




716 




8 


h 




0.75 


0.52 


0 


7 90 


79ft 
ICO 




9 


! 


(A) 


0.76 


u.o i 


a 
u 


7 91 
r.tO 




10 


j 


0.28 


0.1 7 


U 


o.uo 


OOO 5 




1 1 


k 




0.75 


0.53 


0 


0.9 I 


A77 
O/ * 




12 


I 




0.76 


0.54 


a 
U 


0.0 l 






13 


m 




0.75 


0.50 


A 

u 


D 77 


R71 




14 


n 




0.55 


0.29 


0 


o.ou 


Do 1 




15 


o 




0.72 


0.54 


A 

u 


7 Afi 
/ UO 


71 A. 
/ I U 




16 


P 




0.73 
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